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Introduction:  The cooling rate of chondrules is one 
of the important constraints on chondrule formation and 
can be used to distinguish between competing chondrule 
formation mechanisms. These mechanisms range from 
shockwaves in the solar nebula[1] to collisions between 
planetesimals[2]. Dynamic crystallisation experiments 
are the most widely cited methods of determining chon-
drule cooling rates and have provided cooling rates from 
1 to 3000 Kh-1[3,4]. This is a very large range and in order 
to assess whether this is a true representation of chon-
drule cooling rates in the early solar system, it should be 
validated or constrained by using a more direct method.  
Many type II, FeO-rich chondrules contain MgO-
rich relict olivine grains inherited from the precursor as-
semblage. Minor element concentrations of these grains 
bear a strong relationship to type I chondrules and there-
fore they likely originate from previous generations of 
these chondrules[5]. These are important features as they 
can allow us to determine the cooling rate of their 
hosts[6]. 
During sub-solidus cooling, partial equilibration oc-
curs between the relict grain and overgrowth crystal 
which creates diffusion profiles for a range of major, 
minor and trace elements. The amount of re-equilibra-
tion is dependent upon the cooling rate of the chondrule. 
Relatively broad diffusion profiles could indicate 
slower cooling rates as more equilibration has occurred. 
Narrow diffusion profiles should indicate faster cooling 
rates as there was less time for equilibration.   
Methods and results:  Relict grains have been iden-
tified and characterised using Back Scattered Electron 
(BSE) imaging, Energy Dispersive X-ray Spectroscopy 
(EDS) mapping and EDS point analyses on an FEI 
Quanta 200 3D FIB-SEM. In BSE images, relict grains 
appear as dark patches within relatively bright pheno-
crysts. Preliminary diffusion profiles have also been 
measured for Fe and Mg using EDS point analyses with 
a spacing of 2 µm, a counting time of 240 s and an ac-
celerating voltage of 10 kV. Measured diffusion profiles 
(e.g. Fig. 1) are narrow, several micrometres across, in-
dicating rapid cooling took place.  
Discussion and future work: The cooling histories 
of chondrules are likely to be complex and may not be 
resolvable with the relatively large excitation volume of 
the EDS point analyses. In order to see this complexity 
and unravel possible multiple heating events, a tech-
nique with high spatial resolution must be employed. 
NanoSIMS combines high spatial resolution (~300 nm) 
with high sensitivity which will allow us to measure ac-
curate diffusion profiles for a range of major, minor and 
trace elements. Therefore, we will use the Cameca Na-
noSIMS 50L at The Open University to measure diffu-
sion profiles for a range of elements (e.g. Mg, Fe, Ca, 
Cr, Mn, Ti, Al, Ni, and V) between relict grain and over-
growth. A binary element diffusion model will be de-
veloped[7], and used in conjunction with these diffusion 
profiles to obtain temperature-time paths from which 
cooling rates can be extracted. These cooling rates can 
then be used to evaluate the current models of chondrule 
formation.  
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Figure 1 – a) BSE image of an olivine phenocryst con-
taining a relict grain from a chondrule in ALHA 77307 
showing the location of b) Mg diffusion profile AB meas-
ured using EDS point analyses. 
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